Changes in medical curricula, occurring in response to transformations in health care and society, appear to be an ongoing feature of medical education worldwide. 1 Sadly, despite hard work, successful change has not always been achieved, 2 and although the failure rate is not well documented, it is presumably comparable to the estimated failure rate for business organizations, which is 20% to 70%. [3] [4] [5] The literature describes many factors which can impede or facilitate change (e.g., leadership, time, financial resources, ownership, collaboration among departments, and communication). [6] [7] [8] [9] [10] [11] The "organizational readiness for change" construct entails many of these factors, and according to the literature, high levels of organizational readiness for change contribute to successful change in health care 3 and business organizations. 10, 11 Organizational readiness for change is reflected both in the prevailing beliefs and attitudes among members of an organization regarding the necessity and urgency of change and in the capacity of the organization to successfully implement change. 11 With high levels of readiness, people at all levels within an organization are prepared to invest in change and show perseverance in the face of obstacles and setbacks, thereby increasing the odds in favor of successful implementation. 3 With low levels of readiness, faculty may meet change initiatives with strong resistance. 3, 12 Kotter 10 even ascribes half of all failures to low levels of organizational readiness for change.
The field of medical education would benefit from an instrument that can help to identify issues that schools must address to facilitate curriculum innovation. 13, 14 For business and health care organizations, numerous instruments are available to measure readiness for change, 3, 15 but we know of only two instruments for medical schools. 5, 16 Neither of these instruments, however, affords comprehensive measurement of organizational readiness for curriculum change in medical schools. Most instruments are limited to individual [16] [17] [18] rather than organizational 3, 19 readiness for change; many have limited evidence of validity and reliability 3, 15 ; many address only selected aspects 16 or related concepts, such as "openness to change" 5 ; and, with some exceptions, 16, 20, 21 many are of doubtful applicability outside the Western cultural setting where most of them originated. Curriculum change requires, for instance, substantial financial investment, which might be a strong restricting force in countries with lower national wealth. Because no existing instrument seemed suitable, we set out to develop and assess the validity of a comprehensive questionnaire that can be used internationally to measure a medical school's organizational readiness for curriculum change (MORC).
Before describing the conceptual model that guided MORC's development, we explain how we conceptualized organizational readiness for change Please see the end of this article for information about the authors.
Abstract
Purpose Because successful change implemen tation depends on organizational readiness for change, the authors developed and assessed the validity of a questionnaire, based on a theoretical model of organi zational readiness for change, designed to measure, specifically, a medical school's organizational readiness for curriculum change (MORC).
Method
In 2012, a panel of medical education experts judged and adapted a preliminary MORC questionnaire through a modified Delphi procedure. The authors administered the resulting questionnaire to medical school faculty involved in curriculum change and tested the psychometric properties using exploratory and confirmatory factor analysis, and generalizability analysis.
Results
The mean relevance score of the Delphi panel (n = 19) reached 4.2 on a five point Likerttype scale (1 = not relevant and 5 = highly relevant) in the second round, meeting predefined criteria for completing the Delphi procedure. Faculty (n = 991) from 131 medical schools in 56 countries completed MORC. Exploratory factor analysis yielded three underlying factors-motivation, capability, and external pressure-in 12 subscales with 53 items. The scale structure suggested by exploratory factor analysis was confirmed by confirmatory factor analysis. Cronbach alpha ranged from 0.67 to 0.92 for the subscales. Generalizability analysis showed that the MORC results of 5 to 16 faculty members can reliably evaluate a school's organizational readiness for change.
Conclusions
MORC is a valid, reliable questionnaire for measuring organizational readiness for curriculum change in medical schools. It can identify which elements in a change process require special attention so as to increase the chance of successful implementation.
as well as our stance toward the level, timing, and context of the measurement. In the literature, varying definitions of organizational readiness for change point to conceptual ambiguity and differences of opinion as to how and when readiness for change should be measured. 22 Some definitions focus on psychological factors, 23 others on the availability of resources, 18 but most combine psychological (i.e., does the organization want change?) and capability factors (i.e., is the organization able to change?). 24 Important motivation subfactors within an organization include perceived need for change, belief in proposed changes, and commitment to the successful implementation of change. Capability subfactors concern the available capacity for change (expertise, resources, and opportunity) as well as the possibility of deploying that capacity (i.e., the perceived efficacy to implement change). Empirical studies have shown that readiness for change increases with adequate self-efficacy for change, provision of information, perceived organizational support, flexible organizational policies and procedures, and active participation. 25, 26 Therefore, for this study, we adopted the following definition of organizational readiness for curriculum change: "Shared motivation and capability among faculty in a medical school to implement curriculum change."
The three major issues to consider when measuring readiness to change are the level, timing, and context of the measurement. Level acknowledges that change-readiness is a multilevel construct that can be measured at the level of the organization, departments, teams, or individuals. 22, 26 Because curriculum change is a complex process depending on coordinated collective behavior, 24 we focused on the organizational level, as perceived by staff members (i.e., "what we think we can do together"). 22 As for timing, several authors advocate measuring changereadiness during the initiation phase, before the actual implementation, 3, 24 but, like Bouckenooghe and colleagues, 27 we prefer measuring during both the initiation and the implementation phases, which allows for the measuring of alterations in change-readiness after the introduction of adaptations in the change-implementation phase. 13, 14 Context refers to the question of whether organizational readiness for change should be measured in relation to a specific situation (i.e., the substance and magnitude of the particular change) 20 or as a general characteristic of an organization. 13 We agree with Weiner 22 that the context of organizational readiness for change depends on the type of change that is proposed. For example, a medical school may be quite ready to add skills training to the curriculum, but may resist transitioning to a problem-based learning curriculum.
Despite Holt and colleagues' 24 measurement of factors on the individual level in addition to factors on the organizational level, the conceptual model of organizational readiness for change that they developed is largely consistent with our views. After adapting the individual level factors and incorporating them into the organizational level, we used their model to guide the development of MORC ( Figure 1 ).
To estimate the validity and reliability of the questionnaire, we investigated five research questions (RQs): 
Method

Overview
In 2012, after designing a preliminary questionnaire based on our conceptual model (see above), we wanted to examine its applicability for medical schools, so we conducted a modified Delphi procedure, comprising rounds of experts indicating their levels of agreement with questionnaire items. 28, 29 Per a typical modified Delphi procedure, we did not ask our experts to generate items, but only to evaluate items we previously selected. 29, 30 After we finalized the questionnaire, modifying it according to the suggested changes, we administered it to faculty at numerous medical schools in different countries. Finally, we analyzed the obtained dataset to examine the psychometric properties of the questionnaire ( Figure 2 ).
Questionnaire development and modified Delphi procedure
As mentioned, our conceptual model of organizational readiness for change consisted of two main factorsmotivation and capacity-and nine subfactors ( Figure 1 ). We included the subscales from existing questionnaires designed for business and health care organizations that best matched our nine subfactors, which resulted in 19 subscales and a total of 111 items. Most of our subscales derived from the questionnaires developed by Helfrich and colleagues 31 (8 subscales) and Lehman and colleagues 13 (4 subscales). After we developed the initial version of the MORC questionnaire, we conducted a pilot study, involving five educational researchers and three highereducated laypersons who judged the items on face validity, redundancy, and phrasing. On the basis of the results of this pilot study, we reduced the number of items in the questionnaire.
To examine the applicability of the questionnaire for medical schools (RQ 1), we conducted a modified Delphi procedure. We invited experts in curriculum change from the Netherlands (n = 14) and from other countries (n = 6) to serve on a panel and anonymously evaluate the items via a Web-based questionnaire. The participants received a €25 book voucher for rating the relevance to curriculum change of each of the potential questionnaire items on a fivepoint Likert-type scale (1 = not relevant and 5 = highly relevant). The experts also evaluated redundancies, omissions, and textual shortcomings; many also provided additional qualitative feedback. We either adapted or eliminated (based on the qualitative comments) items with an average rating of < 4 or with an average rating > 4 as judged by fewer than 70% of the panelists. In the absence of an existing standard, we considered the Delphi procedure complete when the overall average rating of MORC exceeded 4 and when over 70% of panelists gave an overall rating of MORC above 4. 32 Two of us (G.M. and E.D.) discussed a summary of the quantitative and qualitative results as well as the eliminations and adaptations that the main author (M.J.) had suggested until we reached a consensus. This process led to the elimination of some items and the relocation of some items to other subscales. We sent the summary of results, together with the request to rate the modified questionnaire, to the panelists. After a similar analysis and discussion, the second round of the Delphi process similarly led to the elimination of some items and to the reconstitution of subscales. Like in the first round, the second round led to fewer subscales and to fewer items ( Figure 2) .
A pilot study of the resulting questionnaire, involving four international educational researchers and one layperson, led to textual changes only. Next, we translated the final questionnaire from English into Japanese and Spanish ( Figure 2 ) and discussed any differences between the original English version and the retranslated (back into English) versions. Two Japanese and three Spanish faculty members piloted the translated questionnaires and suggested minor language-translation changes only.
Questionnaire administration
We sent e-mails to 1,073 contact persons who were affiliated with Maastricht University through their degree programs or organizational memberships. We asked these contacts at medical schools if their schools were either preparing for or implementing curriculum change; we then asked those who responded yes to participate in the study.
Complete or partial change to the curriculum of the undergraduate or postgraduate medical doctor education program served as the only inclusion criterion. We excluded faculty from newly established medical schools and from schools where curriculum change was complete (i.e., the first students experiencing the new curriculum had graduated). We sent two reminders. We asked the contact persons from schools meeting the inclusion criterion to electronically distribute the MORC questionnaire to at least 20 of their institutional colleagues who were actively involved in medical education and who, preferably, represented a mix of professional backgrounds: basic scientists, clinicians, and members of the curriculum committee. After the contact persons agreed to cooperate, they received two reminders to send the MORC to colleagues in their school.
The MORC asked all participants to rate their agreement with 65 items on a five-point Likert scale (1 = strongly disagree and 5 = strongly agree) or to select "not applicable." In addition we asked general questions about the 24 The model comprises the two main factors-motivation and capability-and nine subfactors. Appropriateness: belief that a specific change is correct for the situation being addressed. Principal support: belief that formal and informal leaders are committed to the success of the change. Discrepancy: a difference between the current and a more desirable state. Commitment: shared belief and resolve to pursue courses of action that will lead to successful change. Valence: belief that the change is beneficial. Knowledge, skills, and ability alignment: extent to which the organizational members' knowledge, skills, and abilities align with the change. Facilitation strategies: clear goals and objectives supported by a detailed implementation plan. Support climate: sufficient support of tangible resources (e.g., funding) and intangible environment (e.g., culture). Efficacy: shared belief in capabilities to organize and execute the courses of action required to implement change successfully.
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respondent's age, gender, and experience, the size of his or her medical school, and the type of change under way there. Most participants received a Web-based version, but we provided a paper-and-pencil version to participants in countries where contact persons anticipated problems with computer and Internet access. All responses on the MORC were anonymous.
For every participant completing the questionnaire, we donated €5 to the World Wildlife Fund (www.wwf.org). Additionally, on request, each participating medical school received a report with the anonymized results of its school.
Analysis (RQ 2-5)
We conducted exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) to determine the factor structure of MORC (RQ 2). In view of the large number of items, we adopted a cautious strategy and divided the factor analysis into several consecutive steps. 33 First, we randomly divided the dataset into two parts. Using the first half of the data, we conducted EFA for each of the individual subscales which led to the division of some subscales in two separate subscales, and we validated the results of the newly constituted subscales using CFA. Next, we repeated these CFA analyses for the newly constituted subscales using the second half of the dataset in order to determine whether the initial findings could be replicated. After that, we performed a CFA for each subscale on the complete sample.
The subscales identified through EFA and confirmed by CFA permitted the valid computation of sum scores for each subscale; we conducted EFA on these subscale sum scores. We assumed a priori, on the basis of our conceptual model, that we would find the theoretically based division of the subscales in two main factors: motivation and capability. Beside these two factors, we identified a third factor. Finally, we analyzed the individual items of the three main factors in three separate EFAs, which suggested relocation of some items to different subscales. A complementary CFA for each main factor delivered fit indices pertaining to the final structure. We used the following fit indices and criteria: root mean square error of approximation (RMSEA) < 0.08; comparative fit index (CFI) > 0.9; non-normed fit index (NNFI) > 0.9; and standardized root mean square residual (SRMR) < 0.08. 34, 35 To estimate the reliability of the measurements (RQ 3), we calculated Cronbach α for all three main factors and for each subscale.
For the generalizability study (RQ 4), we used variance component analysis to measure the contributions of staff members, medical schools, items, and their interactions to the measurement of MORC. 36 We estimated generalizability coefficients (> 0.7) and standard error of measurement (SEM, < 0.26) for each main factor and subscale to estimate the number of participants needed to glean a reliable score. 30, 37 We used the total number of items as a fixed factor and the number of staff members as a random factor.
To estimate the applicability of MORC irrespective of a country's level of national wealth (RQ 5), we divided the participating schools into higher-and lower-income countries, using gross domestic product at purchasing power parity (GDP PPP) of $20,000 per capita as the cutoff point. GDP PPP is the most widely used variable for comparing wealth among different countries, and successful innovations have been shown to increase significantly in countries with a GDP PPP of over $20,000 per capita. 38 The values of GDP PPP per capita were obtained from the Web site Trading Economics. 39 We verified whether the generalizability and reliability coefficients and the fit indices remained stable in the two groups.
We used structural equation modeling software Mplus (version 5.21, Los Angeles, California) for our EFA and CFA, urGENOVA software (version 2.1, Iowa City, Iowa) to analyze generalizability, and SPSS (version 19, Armonk, New York) for all the other analyses.
Ethical approval
After explaining the aim and purpose of the study, the voluntary nature of participation, and the confidentiality of the contributions, we obtained informed consent from all Delphi procedure, pilot, and survey participants. The ethical review board of the Dutch Association for Medical Education approved this study.
Results
Modified Delphi procedure (RQ 1)
Of the 22 experts invited to participate, 20 (91%) participated in the first round. We excluded one participant from Round 2 of the Delphi procedure because of his or her inexperience with curriculum change; however, the remaining 19 participants (100%) participated in the second round as well. The average item scores increased from 3.8 in the first round to 4.2 in the second round and from 63% of panelists giving an overall rating above 4 in the first round to 84% in the second round; thus, the results of the second round met our preestablished criteria and marked the completion of the Delphi procedure.
The MORC questionnaire
After testing our original 111-item (19-subscale) version of the MORC in the pilot study with education researchers and well-educated laypersons, we reduced the number of items to 89. The first round of the adapted Delphi procedure and the subsequent discussion resulted in the reduction of 19 items (21%) or a 70-item questionnaire (Figure 2 ). After the second (and last) round of the Delphi procedure and a follow-up discussion, the final MORC questionnaire contained 65 items across 13 subscales.
Questionnaire administration
Of the 1,073 contact persons we initially invited to administer the MORC questionnaire at their schools, 708 (66%) agreed. We do not know how many colleagues each of these contact persons invited to complete the MORC questionnaire. For all analyses, we replaced missing values and ratings of "not applicable" with the corresponding mean item score ( Table 2 ). 40
EFA and CFA (RQ 2)
Our EFA of the subscales resulted in eight subscales with one underlying factor, four subscales with two underlying factors, and one subscale (government readiness) with no underlying factor. The government readiness subscale also garnered relatively low scores in the Delphi procedure. Considering, additionally, that many participants answered "Ministry of Health or Education" in response to the item "Other" in the pressure for change subscale, we removed the government readiness subscale and added the answer option "Ministry of Health or Education" to the pressure for change subscale. The 12 remaining subscales had good fit measures in the validation, replication, and the complete sample (RMSEA 0.0-0.11, NNFI = 0.95-1.01, and SRMR = 0.00-0.04; data not shown).
Our EFA of the sum scores of the 12 subscales revealed three main factors: motivation, capability (which, as mentioned, we predicted a priori), and a third, unexpected factor which we labeled external pressure. We accordingly divided the questionnaire into three parts and analyzed each of these separately using EFA. We relocated items that were conceptually valid to alternate subscales, as the EFA results suggested. For instance, all 5 items from the subscale staff involvement and 2 items from vision showed one underlying factor in EFA, and all 7 of these items addressed aspects of communication, so we created a new subscale named communication. We found that the third factor external pressure consisted of two subscales, which we labeled extrinsic motivation to change and external barriers to innovation ( Table 2) . After these changes, the final MORC questionnaire consisted of three main factors, 12 subscales, and 53 items (Figure 2 ; Tables 2 and 3 ; contact authors for detailed information on the reduction of 65 items to 53).
The three CFA analyses showed good fit indices for the three main factors (CFI = 0.91-0.95, NNFI = 0.89-0.93, RMSEA = 0.06-0.07, and SRMR = 0.04-0.05; Table 4 ).
Reliability analysis (RQ 3)
Cronbach alpha varied from 0.67 to 0.95 for the main factors (Table 4 ) and from 0.67 to 0.92 for the final subscales ( Table 2 ).
Generalizability analysis (RQ 4 and 5)
The school-related variance in the overall scores of MORC was 4% as determined by generalizability analysis. As the items were regarded as fixed, the addition of item-related variance resulted in 5.3% of systemic variance associated with schools.
The variance associated with respondents nested within medical schools for the overall MORC score was 16% (Table 5) . At least 16 faculty members had to complete MORC to obtain a sufficient generalizability coefficient (> 0.7) for all three main factors. For a sufficient SEM (< 0.26), at least five faculty members had to complete the questionnaire.
In the two groups with different levels of national wealth, the reliability coefficients (Table 4 ) and fit indices remained stable (NNFI = 0.88-0.92, RMSEA = 0.061-0.076, SRMR = 0.061-0.076), indicating the international applicability of MORC.
Discussion
The aim of this study was to develop and assess the MORC questionnaire. Most studies on questionnaires measuring organizational change-readiness have reported limited evidence of validity and reliability. 3, 15 Our approachcomprising a conceptual model, piloting, a modified Delphi procedure, EFA, CFA, generalizability analysis, and a large international sample of participantsyielded a solid basis for validation. The results suggest that MORC serves as a valid questionnaire, is applicable in different cultures (despite the fact that the conceptual model is based on a Western theory), and yields reliable results with as few as 5 to 16 respondents.
Contrary to our assumption that MORC would have two underlying main factors (i.e., motivation and capability), the analysis revealed a third factor. We labeled this third factor external pressure because the items originated from capability subscales addressing external factors inhibiting change and motivational subscales addressing extrinsic motivation. This third main factor aligns with previous research, distinguishing between intrinsic and extrinsic motivation in relation to organizational change 41 ; Herscovitch and Meyer 41 showed that organizational members who are internally motivated expressed higher levels of support for change projects. Because organizational readiness is not a homogenous construct, we suggest using caution in comparing overall MORC scores within individual and across different medical schools.
Strengths and limitations
One potential strength of MORC lies in its ability to compare subscale scores; for instance, sequential MORC administrations within one school would allow leaders to measure the effects of an intervention aimed at facilitating curriculum change. 13, 14 A limitation of this study is the relatively large number of missing answers in the questionnaire: up to 8.8% for MORC and 23.2% for the general, primarily demographic questions (Table 1) . Possibly, the respondents grew tired answering the 65 MORC items and skipped the general questions, which were positioned at the end.
Another limitation is the inability to provide a response rate of the invited participants. We are able to provide a response rate for the invited contact persons of Maastricht University, but because these contact persons were responsible for inviting faculty members in their medical schools, we have no insight into how many total people were invited to participate.
A further potential limitation is socially acceptable answers. 42 It may not be coincidental that the subscale on the capability of management did not show a coherent factor structure (data not shown). Despite the anonymity of the survey, participants may have been reluctant to judge their superiors.
Future research
Leaders and administrators at medical schools in different countries can use the validated MORC to shed light on issues related to curriculum change at their institutions; for instance, the MORC could help them determine whether, as has been argued, 43 bottom-up pressure for change is in fact more effective than top-down pressure (subscale 1) or whether the most effective type of pressure varies with the setting and culture of medical schools. 11, 16, 18, 22, 23, 26, 44, 45 Using the MORC may help show that authoritative leadership and top-down pressure may be very effective when they are widely accepted within the organization and when members feel sufficiently consulted and informed (subscale 8). 46 Although we developed MORC specifically for medical schools preparing to or actually experiencing change in their curriculum, with minor adaptations the questionnaire could also be used for other change processes (e.g., transitioning to a new governance structure) in medical schools and/or other settings (e.g., schools for allied health professionals, hospitals undergoing organizational changes).
Although MORC focuses on faculty to the neglect of students, students obviously have an important contribution to make to curriculum change. In future research it would be interesting to combine MORC results with students' opinions (e.g., those obtained using the Dundee Ready Educational Environment Measure questionnaire 47 ).
The medical education experts who participated in our modified Delphi procedure rated the relevance of aspects of curriculum change, but they did not differentiate between the importance of items during different phases of curriculum change. 8 We included participants from schools in the preparation or implementation phase of curriculum change, and in future research it would be interesting to administer MORC in medical schools in the institutionalization phase to determine, in retrospect, whether determinants of successful change vary between the phases of curriculum change.
Conclusions
MORC is a valid and reliable questionnaire for measuring organizational readiness for curriculum change in medical schools. It can identify which elements in a change process require special attention so as to increase the chance of successful implementation.
